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Abstract
We present the results of modeling of the spectrum of the brightest stars belonging to the
Cyg OB2 association – Cyg OB2 #7 (O3If∗) and #11 (O5Ifc). Cyg OB2 #7 is one of the
hottest stars in our Galaxy, while Cyg OB2 #11 belongs to the spectral class Ofc, which
was recently introduced and yet small in numbers (Walborn et al., 2010). We determine the
physical properties and chemical composition of their atmosphere using CMFGEN code.
The atmosphere of Cyg OB2 #7 reveals an excess of nitrogen X(N∗)/X(N) = 3.2 and
the carbon and oxygen deficiency X(C∗)/X(C) = 0.08, X(O∗)/X(O) = 0.09, while
the atmosphere of Cyg OB2 #11 is enriched with carbon X(C∗)/X(C) ≈ 1. and silicon
X(Si∗)/X(Si) ≈ 2.
1 Introduction
Cyg OB2 stellar association has been discovered in the middle of 20th century and is
still one of most often studied objects in the Galaxy. The association is rich with young
hot stars, and its total mass is estimated to be 30 000 M. The brightest stars belonging
to the Cyg OB2 association have been investigated at the 6-m BTA telescope of the Special
Astrophysical Observatory (SAO RAS) since 2001 (Klochkova & Chentsov, 2004; Chentsov
et al., 2013). It is worth noting that the 3-5 supergiants are the key objects for describing
the evolution of this association. We present the results of our study of two supergiants from
Cyg OB2 – Cyg OB2 #7 is one of the hottest stars in our Galaxy, classified as O3If∗ and
Cyg OB2 #11 classified as O5fc.
Detailed studies of these stars are described in articles Maryeva et al. (2012); Maryeva
et al. (2013a); Maryeva et al. (2013b). Here we present only the main conclusions of these
works.
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2 Modeling of atmospheres of the brightest stars belonging to the Cyg OB2 association
Figure 1: The locations of Cyg OB2 #7 and #11 in the HR diagram. The solid horizontal
lines represent the mass tracks. The vertical solid lines represent stellar isochrones. The
evolution tracks and the stellar isochrones are taken from the Geneva library.
2 Results
Using the non-LTE CMFGEN code (Hillier & Miller, 1998) we determined the physical
properties and chemical composition of Cyg OB2 #7 and#11.
Cyg OB2 #7 and #11 are located in different parts of the association, #11 is in
the outer part, #7 lies near southern boundary of the association central part . Figure 1
shows the locations of these stars in the Hertzsprung-Russell diagram as well as evolutionary
tracks and isochrones from the Geneva database (Ekstro¨m et al., 2012). The figure shows
that the Cyg OB2 #7 lies between the isochrones corresponding to three and four Myr and
mass< 60 M, while #11 lies between four and five Myr and its mass is 40-60 M. Chentsov
et al. (2013) spectroscopically confirmed age differences for stars which are located in different
parts of the association. The results of our numerical simulations support this conclusion and
are consistent with the hypothesis of cascade star formation in the association Cyg OB2.
Calculated abundances of the basic elements are given in Table 1. The atmosphere of
Cyg OB2 #11 is enriched in carbon (XC/XC = 0.3−1.3), silicium (XSi/XSi ' 2.15−3) and
sulphur (XS/XS ' 0.25). Comparison of Cyg OB2 #11 parameters with other supergiants
shows that the high abundance of carbon itself does not imply the OIfc class. Moreover,
Ofc stars belonging to Cyg OB2 association are scattered in the H-R diagram. Probably
the appearance of strong CIII λλ4647, 4650, 4652 A˚ emission lines in the spectra of O-stars
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is linked to the occurrence of some physical process rather than the chemical composition or
evolutionary status. These are only assumptions though, as we do not have enough statistics
for reliable conclusions.
Table 1: The abundances of chemical elements in the final model. Xi/X – is the ratio of
the element abundance to the solar value.
Cyg OB2 #11 Cyg OB2 #7
Element Fraction by the Mass Xi/X Fraction by the Mass Xi/X
number of atoms fraction number of atoms fraction
H 1.0 0.82÷ 0.7 1.2÷ 1. 1.0 0.5 0.8
He 0.05÷ 0.1 0.16÷ 0.28 0.6÷ 1. 0.2 0.4 1.6
C (1÷ 4)× 10−4 (1÷ 4)× 10−3 0.3÷ 1.3 3.8× 10−5 2.5× 10−4 0.08
N (1.7÷ 2.6)× 10−4 (2÷ 3)× 10−3 1.8÷ 3.6 4.5× 10−4 3.5× 10−3 3.18
O 1.5× 10−4 2× 10−3 0.2 9.75× 10−7 8.6× 10−4 0.09
Fe 1.0× 10−5 5× 10−4 0.37
Si 6.5× 10−5 1.5× 10−3 2.15
S 3.5× 10−6 9.3× 10−5 0.25
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